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(57) ABSTRACT

A method of handling uplink information under carrier aggre-
gation for a MAC layer of a UE 1n a wireless communication
system 1ncludes recerving uplink data from a higher layer of
the UE, triggering a request for requesting UL-SCH resource
on at least one of a plurality of component carriers according
to whether a PUCCH resource 1s configured on the at least one
of the plurality of component carriers in a current TT1 when
no UL-SCH resource 1s available for transmitting the uplink
data in the current T'T1, and instructing a lower layer of the UE
to transmit the request on the at least one of the plurality of
component carriers.
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METHOD AND APPARATUS OF HANDLING
UPLINK INFORMATION UNDER CARRIER

AGGREGATION IN A WIRELESS
COMMUNICATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/160,350, filed on Mar. 16, 2009 and

entitled “METHOD AND APPARATUS FOR HANDLING
UPLINK INFORMATION WITH CARRIER AGGREGA.-
TION IN A WIRELESS COMMUNICATIONS SYSTEM”,
the contents of which are incorporated herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

A method and apparatus of handling uplink imnformation
under carrier aggregation in a wireless communication sys-
tem are provided, and more particularly, to a method and
apparatus for handling uphnk information including sched-
uling request (SR), buifer status report (BSR), and power
headroom report (PHR) under carrier aggregation 1n a wire-
less communication system.

2. Description of the Prior Art

A long-term evolution (LTE) system, initiated by the third
generation partnership project (3GPP), 1s now being regarded
as a new radio iterface and radio network architecture that
provides a high data rate, low latency, packet optimization,
and 1mproved system capacity and coverage. In the LTE
system, an evolved universal terrestrial radio access network
(E-UTRAN) includes a plurality of evolved Node-Bs (eNBs)
and commumnicates with a plurality of mobile stations, also
referred as user equipments (UEs). Architecture of the radio
interface protocol of the LTE system includes three layers, the
Physical Layer (LL1), the Data Link Layer (L.2), and the Net-
work Layer (LL3). A control plane of L3 1s a Radio Resource
Control (RRC) layer, and L2 1s further divided into a Packet
Data Convergence Protocol (PDCP) layer, a Radio Link Con-
trol (RLC) layer, and a Medium Access Control (MAC) layer.

According to the UE MAC specification, a scheduling
request (SR) 1s triggered for requesting uplink shared channel
(UL-SCH) resource for new transmission when no UL-SCH
resource 1s available 1 a current transmission time interval
(TT1). In detail, when no UL-SCH resource 1s available and
the UE has no valid physical uplink control channel
(PUCCH) resource for the SR 1n the current TTI, the UE
MAC layer imitiates a Random Access procedure and cancels
all pending SRs. When no UL-SCH resource 1s available and
the UE has a valid PUCCH resource for the SR 1n the current
TTI while the current TT1 1s not a part of a measurement gap,
the UE MAC layer instructs the physical layer to signal the SR
on the PUCCH for each TTI. A triggered SR 1s considered as
pending unti1l UL-SCH resource 1s granted for new transmis-
S1011.

According to the UE MAC specification, a bulfer status
reporting procedure 1s used to provide a serving eNB with
information about the amount of data available for transmis-
sion 1n an UL transmission buiier of the UE. A bufler status
report (BSR) 1s triggered when a triggering event occurs, and
1s categorized by regular BSR, periodic BSR, and padding
BSR accordingly. For example, a regular BSR 1s triggered
when UL data, which belongs to alogical channel with higher
priority than those for which data already existed 1n the trans-
mission buffer, arrives at the transmission buffer, when a

serving cell change occurs, or when a retransmission BSR
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timer expires and the UE has data available for transmission.
Triggering events which cause the periodic BSR and padding

BSR are omitted herein. The regular BSR, the periodic BSR,
and the padding BSR are reported by different formats includ-
ing long BSR, short BSR, and truncated BSR. How to decide
the BSR format depends on the number of logical channel
groups which have builered data and the number of padding
bits.

When the butler status reporting procedure determines that
at least one BSR has been triggered since the last transmission
of a BSR or this 1s the first time that at least one BSR 1s
triggered, and the UE has UL-SCH resource allocated for new
transmission for the current TTI, the UE MAC layer instructs
a multiplexing and assembly procedure to generate a BSR
MAC control element that is included 1n a MAC protocol data
umt (PDU), and controls associated timers, and thereby the
BSR 1s reported on the UL-SCH resource. However, when the
UE has no UL resource allocated for new transmission in the
current T'TT and a regular BSR has been triggered, an SR 1s
triggered. Note that a BSR 1s triggered intends that a BSR
trigger 1s generated, and the BSR 1s reported when UL-SCH
resource for new transmission arrives. A triggered BSR (or
said a BSR trigger) 1s considered as pending until 1t 1s can-
celled by UL-SCH resource for new transmission. When the
BSR 1s reported, all pending BSRs are cancelled.

According to the UE MAC specification, a power head-
room reporting procedure 1s used to provide the serving eNB
with information about the difference between the UE maxi-
mum transmit power and the estimated power for UL-SCH
transmission. A power headroom report (PHR) 1s triggered
when a triggering event occurs, €.g. when a prohibit PHR
timer expires and the path loss has changed more than a
specific value since the last PHR when UE has UL resources
for new transmission, a PHR 1is triggered. When the UE has
UL resources allocated for new transmission in the current
TTI and the power headroom rep orting procedure determines
that a PHR has been triggered since the last transmission of a
PHR, the UE MAC layer obtains the value of the power
headroom from the physical layer, instructs the multiplexing
and assembly procedure to generate a PHR MAC control
clement based on the value reported by the physical layer, and

performs related steps, so that the PHR 1s reported on the
UL-SCH resource. The PHR MAC control eclement 1s

included imn a MAC PDU; 2 bits 1n the beginning of the PHR
MAC control element are reserved bits, and a 6-bit power
headroom filed for indicating the power headroom level fol-
lows.

Recently, the 3GPP 1s involved in the further advancements
for E-UTRA and proposes an LTE-Advanced (LTE-A) sys-
tem as an enhancement of the LTE system. Carrier aggrega-
tion, where two or more component carriers are aggregated, 1S
introduced into the LTE-A system 1n order to support wider
transmission bandwidths, e.g. up to 100 MHz and for spec-
trum aggregation. A UE of the LTE-A system utilizes mul-
tiple component carriers mstead of a single carrier used 1n the
former L'TE system, to establish multiple links for simulta-
neously recerving and transmitting on each component car-
rier. Up to now, the abovementioned SR, BSR, PHR, and
associated procedures under carrier aggregation are not

clearly specified in the current MAC specification of the
LIE-A system.

SUMMARY OF THE INVENTION

A method of handling uplink information under carrier
aggregation for a UE 1n a wireless communication system and
related communication device are provided.
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A method of handling uplink information under carrier
aggregation for a MAC layer of a UE 1n a wireless commu-
nication system 1s provided. The method includes recerving
uplink data from a higher layer of the UE, triggering a request
for requesting UL-SCH resource on at least one of a plurality
of component carriers according to whether a PUCCH
resource 1s configured on the at least one of the plurality of
component carriers i a current TTI when no UL-SCH
resource 1s available for transmaitting the uplink data 1n the
current TTI, and mstructing a lower layer of the UE to trans-
mit the request on the at least one of the plurality of compo-
nent carriers.

A communication device of a wireless communication sys-
tem for handling uplink information under carrier aggrega-
tion 1s provided. The communication device includes a
receiving unit for receiving uplink data from a higher layer of
the communication device, a triggering unit coupled to the
receiving unit for triggering a request for requesting UL-SCH
resource on at least one of a plurality of component carriers
according to whether a PUCCH resource 1s configured on the
at least one of the plurality of component carriers in a current
TTI when no UL-SCH resource 1s available for transmitting
the uplink data 1n the current TT1, and a control unit coupled
to the triggering unit for istructing a lower layer of the
communication device to transmit the request on the at least
one of the plurality of component carriers.

A method of handling uplink information under carrier
aggregation for a MAC layer of a UE 1n a wireless commu-
nication system 1s provided. The method includes detecting
whether a triggering event occurs, triggering a BSR on at least
one of a plurality of component carriers when the triggering
event occurs, and mstructing a lower layer of the UE to report
the BSR according to at least one uplink grant for new trans-
mission.

A commumnication device of a wireless communication sys-
tem for handling uplink information under carrier aggrega-
tion 1s provided. The commumcation device includes a
detecting unit for detecting whether a triggering event occurs,
a triggering unit coupled to the detecting unit for triggering a
BSR on at least one of a plurality of component carriers when
the triggering event occurs, and a control unit coupled to the
triggering unit for mstructing a lower layer of the communi-
cation device to report the BSR according to at least one
uplink grant for new transmission.

A method of handling uplink mmformation under carrier
aggregation for a MAC layer of a UE 1n a wireless commu-
nication system 1s provided. The method includes detecting,
whether a triggering event occurs on each of a plurality of
component carriers, triggering a PHR corresponding to one of
the plurality of component carriers when the triggering event
occurs on the component carrier, and instructing a lower layer
of the UE to report at least one triggered PHR according to at
least one uplink grant for new transmission.

A communication device of a wireless communication sys-
tem for handling uplink information under carrier aggrega-
tion 1s provided. The communication device includes a
detecting unit for detecting whether a triggering event occurs
on each of a plurality of component carriers, a triggering unit
coupled to the detecting unit for triggering a PHR corre-
sponding to one of the plurality of component carriers when
the triggering event occurs on the component carrier, and a
control unit coupled to the triggering unit for mstructing a
lower layer of the communication device to report at least one
triggered PHR according to at least one uplink grant for new
transmission.

These and other objectives will no doubt become obvious
to those of ordinary skill in the art after reading the following,
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4

detailed description of the preferred example that 1s 1llus-
trated 1n the various figures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a conventional wireless
communication system.

FIG. 2 1s a schematic diagram of a user equipment and
multiple cells under an eNB 1n the conventional wireless
communication system in FIG. 1.

FIG. 3 1s a schematic diagram of an exemplary communi-
cation device.

FIG. 4 1s a flowchart of an exemplary process.

FIG. 5A and FIG. 5B are exemplary timing diagrams 1llus-
trating how a scheduling request is triggered, transmitted, and
cancelled.

FIG. 6 1s a schematic diagram of an exemplary communi-
cation device.

FIG. 7 1s a flowchart of an exemplary process.

FIG. 8A to FIG. 8D are exemplary timing diagrams 1llus-
trating how a bullfer status report 1s triggered, reported, and
cancelled.

FIG. 9 1s a schematic diagram of an exemplary communi-
cation device.

FIG. 10 1s a flowchart of an exemplary process.

FIG. 11A to FIG. 11C are exemplary timing diagrams
illustrating how a power headroom report 1s triggered,
reported, and cancelled.

FIG. 12 1s a schematic diagram of an exemplary commu-
nication device.

DETAILED DESCRIPTION

Please refer to FIG. 1, which 1s a schematic diagram of a
wireless communication system 10. The wireless communi-
cation system 10 1s a Long-Term Evolution advanced (LTE-
A) system or other mobile communication systems, and 1s
briefly composed of a network and a plurality of user equip-
ments (UEs). In FIG. 1, the network and the UEs are simply
utilized for illustrating the structure of the wireless commu-
nication system 10. Practically, the network may be an
evolved universal terrestrial radio access network (E-UT-
RAN) comprising a plurality of evolved base stations (eNBs).
The UEs can be devices such as mobile phones, computer
systems, etc. Besides, the network and the UE can be seen as
a transmitter or recerver according to transmission direction,
¢.g., for uplink (UL), the UE 1s the transmitter and the net-
work 1s the receiver, and for downlink (DL ), the network 1s the
transmitter and the UE 1s the receiver.

Please refer to FIG. 2, which 1s a schematic diagram of a
UE and multiple cells under an eNB 1n the wireless commu-
nication system 10. The UE communicates with Cell 1 to Cell
N, and each cell can transmit and receive on two or more
component carriers since the wireless communication system
10 1s an LTE-A system supporting carrier aggregation. As an
example of FIG. 2, the UE establishes links with Cell 1 by
component carriers CC1, CC2, and CC3, and establishes
links with Cell 2 by the component carriers CC1 and CC2,
and so on.

Please refer to FIG. 3, which 1s a schematic diagram of a
communication device 20 according to an example of the
present disclosure. The commumication device 20 can be the
UE shown i FIG. 1 and FIG. 2, and includes a processor
means 200, a memory unit 210, and a communication inter-
facing unit 220. The memory unit 210 i1s any data storage
device that stores storage data, including a program code 214,
thereafter read and processed by the processor means 200.
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Examples of the memory unit 210 include a subscriber 1den-
tity module (SIM), read-only memory (ROM), random-ac-
cess memory (RAM), CD-ROMs, magnetic tapes, floppy
disks, optical data storage devices, and carrier waves (such as
data transmission through the Internet). The communication
interfacing unit 220 1s coupled to the processor means 200,
and 1s preferably a radio transceiver for wirelessly commu-
nicating with the network.

The general 1dea of the present disclosure 1s to utilize
multiple component carriers to handle UL information,
including scheduling request (SR), buller status report
(BSR), and power headroom report (PHR). Different compo-
nent carrier should have its own UL resource to sent request,
which may be an SR or a random access preamble, for
requesting uplink shared channel (UL-SCH) resource. Please
refer to FIG. 4, which 1s a flowchart of an exemplary process
40. The process 40 1s utilized in the MAC layer of a UE 1n the
wireless communication system 10, for handling a request for
requesting UL-SCH resource under carrier aggregation of
component carriers CC1-CCn. The process 40 can be com-
piled into the program code 214 and includes the following
steps:

Step 400: Start.

Step 402: Receive UL data.

Step 404: When no UL-SCH resource 1s available for trans-
mitting the UL data 1n a current transmission time interval
(T'TI), trigger arequest for requesting UL-SCH resource on at
least one of the component carriers CC1-CCn according to
whether a physical uplink control channel (PUCCH) resource
1s configured on the at least one of the component carriers
CC1-CCn 1n the current TTI.

Step 406: Instruct a lower layer to transmit the request on
the at least one of the component carriers CC1-CCh.

Step 408: End.

To begin with, the UE MAC layer recerves UL data from a
higher layer, the radio resource control (RRC) layer. When no
UL-SCH resource 1s available for transmitting the UL data in
the current TTI, the UE MAC layer triggers a request to
request UL-SCH resource according to Step 404, and
instructs the lower layer, the physical (PHY ) layer, to transmut
the request to the eNB according to Step 406. The process 40
implies that even 1f multiple component carriers are config-
ured with the UE, the UE may still use only one component
carrier, or may use all of the component carriers to transmuit
the request for requesting UL-SCH resource. The request
indicates an SR or a random access preamble, and which one
1s triggered depends on whether the PUCCH resource 1s con-
figured on each component carrier. Based on the above, Step
404 and Step 406 may be implemented by several alternatives
as follows.

The first alternative 1s that when the PUCCH resource 1s
configured on an anchor component carrier, which 1s a com-

ponent carrier that the UE can detect and camp on 1n an radio
resource control (RRC) idle mode, of the component carriers
CC1-CCn in the current TTI, the UE MAC layer triggers the
SR on the anchor component carrier (Step 404), and 1nstructs
the physical layer to transmit the SR on the anchor component
carrier (Step 406). In this case, the SR 1s not triggered and
transmitted on the component carriers other than the anchor
component carrier.

The second alternative 1s that when the PUCCH resource 1s
configured on the each of the component carriers CC1-CCnin
the current TT1, the UE MAC layer triggers the SR on each of
the component carriers CC1-CCn (Step 404), and 1nstructs
the physical layer to transmit the SR on each of the compo-
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nent carriers CC1-CCn (Step 406). In other words, the SR 1s
triggered and transmitted on all of the component carriers
CC1-CCn.

The third alternative 1s that when no PUCCH resource 1s
configured on the component carriers CC1-CCn 1n the current
TTI, a physical random access channel (PRACH) resource 1s
used instead. The UE MAC layer triggers the random access
preamble on an anchor component carrier (Step 404), and
instructs the physical layer to transmit the random access
preamble on the PRACH resource on the anchor component
carrier (Step 406).

The fourth alternative 1s that when no PUCCH resource 1s
configured on the component carriers CC1-CChn in the current
TTI, the UE MAC layer triggers the random access preamble
on each of the component carriers CC1-CCn (Step 404), and
instructs the physical layer to transmit the random access
preamble on the PRACH resource on each of the component
carriers CC1-CCn (Step 406). Similar to the SR transmission,
the random access preamble may be also triggered and trans-
mitted on the anchor carrier, or on all of the component
carriers CC1-CCn.

After the eNB recerves the SR or the random access pre-
amble, the eNB assigns an UL grant for new transmission to
the UE, and therefore the UE has UL-SCH resource to trans-
mit UL data. Solutions to a pending SR under carrier aggre-
gation are further provided. One 1s to keep the SR on each of
the component carriers CC1-CCn pending until new UL-
SCH resource 1s granted by an UL grant assigned on any one
of the component carriers CC1-CCn, which 1s usually the first
UL grant. In other words, after the SR 1s transmitted by the
PUCCH resource on a component carrier, the transmitted SR
1s considered pending until new UL-SCH resource 1s granted
by an UL grant on any one of the component carriers CC1-
CCn. The pending SRs on the component carriers CC1-CCn
are cancelled by the first UL-SCH resource allocated on any
component carrier.

The other 1s to keep the SR on one of the component
carriers CC1-CCn pending until new UL-SCH resource 1s
granted by the first UL grant which 1s assigned on the same
component carrier. For example, the triggered SRs on the
component carrier CC1 and on the component carrier CC2
remain pending; the pending SR on the component carrier
CC2 1s only cancelled by the first UL grant on the component
carrier CC2, and 1s not cancelled by the first UL grant on the
component carrier CC1 even 1 the component carrier CC1 1s
the anchor component carrier.

Please refer to FIG. 5A and FIG. 3B, which are timing
diagrams 1illustrating how the SR 1s triggered, transmitted,
and cancelled under three component carriers CC1-CC3
according to the second alternative of the process 40 and the
above solutions for pending SR, where the anchor component
carrier 1s CC1. As shown 1n FIG. 5A, the SR 1s triggered and
transmitted on the component carriers CC1-CC3 at different
time; when the first new UL-SCH resource 1s granted by the
first UL grant on the component carrier CC3 at a time point t,,
pending SRs on the component carriers CC1-CC3 are can-
celled. As shown 1n FIG. 5B, the SR 1s triggered and trans-
mitted on the component carriers CC1-CC3 at different time;
when UL-SCH resources are allocated by UL grants on the
component carriers CC2 and CC3 at a time point t,,, the SR on
the component carrier CC1 still remains pending and 1s not
cancelled. The pending SR on each of the component carriers
CC1-CC3 1s cancelled only by the UL grant on the same
carriet.

Please refer to FIG. 6, which 1s a schematic diagram of an
exemplary communication device 60. The communication
device 60 15 a system implementation of the process 40 1n
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FI1G. 4, and 1s installed 1n the UE. The communication device
60 comprises areceiving unit 600, a triggering unit 602, a first
control unit 604, and a second control unit 606. The recelvmg
unit 600 1s utilized for perfermmg Step 402 of recewmg UL
data. The triggering unit 602 1s coupled to the recerving unit
600, and 1s utilized for performing Step 404. The first control
unit 604 1s coupled to the triggering umt 602, and 1s utilized
for performing Step 406. The second control unit 606 1is
coupled to the triggering unit 602, and 1s utilized for selec-
tively performing the solutions for pending SR cancellation.
Please refer to the process 40 for understanding the commu-
nication device 60, which 1s not repeated herein.

Each component carrier has 1ts own BSR configuration 1s
also considered. Please refer to FI1G. 7, which 1s a flowchart of
an exemplary process 70. The process 70 1s utilized 1n the UE
MAC layer for handling BSR under carrier aggregation of the
component carriers CC1-CCn. The process 70 can be com-
piled into the program code 214 and includes the following
steps:

Step 700: Start.

Step 702: Detect whether a triggering event occurs.

Step 704: Trigger a BSR on at least one of the component
carriers CC1-CCn when the triggering event occurs.

Step 706: Instruct the physical layer to report the BSR
according to at least one UL grant for new transmission.

Step 708: End.

Note that the BSR on different component carrier indicates
the same information that is the size of UL data available in a
UE transmission buffer. Different triggering events cause
BSRs of different types, such as regular BSR and periodic
BSR, which are specified following the current MAC speci-
fication and are not given herein. In Step 702, the UE MAC
layer detects whether a trigger event occurs so as to decide to
trigger a BSR or not. When detecting that the triggering event
occurs, the UE MAC layer triggers a BSR on at least one of
the component carriers CC1-CCn, and 1nstructs the physical
layer to report the BSR according to at least one UL grant for
new transmission, 1.e. to report the BSR on UL-SCH
resources allocated by the at least one UL grant.

The process 70 implies that even 1f multiple component
carriers are configured with the UE, the UE may use only one
component carrier, or may use all of the component carriers to
report the BSR. Please note that, a condition that the BSR can
be triggered on one component carrier but reported on another
component carrier may be considered. Based on the above
reasons, Step 704 and Step 706 may be implemented by
several alternatives as follows by which component carrier
the BSR 1s triggered and reported on.

The first alternative 1s that the UE MAC layer triggers the
BSR only on the anchor component carrier of the component
carriers CC1-CCn when the triggering event occurs (Step
704), and certainly, the UE MAC layer instructs the physical
layer to report the BSR according to the first UL grant for new
transmission assigned on the anchor component carrier (Step
706).

The second alternative 1s that the UE MAC layer triggers
the BSR on each of the component carriers CC1-CCn (Step
704), and instructs the physical layer to report the BSR
according to the first UL grant for new transmission only on
the anchor component carrier (Step 706).

The third alternative 1s that the UE MAC layer triggers the
BSR on each of the component carriers CC1-CCn (Step 704),
and 1nstructs the physical layer to report the BSR according to
the first UL grant assigned on any one of the component
carriers CC1-CCn, which 1s not necessary to be the anchor
component (Step 706). For example, when three component
carriers CC1-CC3 are configured with the UE, where the
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component carrier CC1 1s the anchor component carrier, the
BSR can be triggered on all of the component carriers CCl1 -
CC3 but reported on the component carrier CC2 or CC3.
Furthermore, 1n a special condition when more than one UL
grant 15 assigned on different component carriers 1n the same
TTI, the UE MAC layer instructs the physical layer to report
the BSR according to an UL grant which has a larger size
among these UL grants on the same TTI. In other words, the
BSR 1s reported on a component carrier where the first UL
grant has a large size than other UL grants on other compo-
nent carriers.

The fourth alternative 1s that the UE MAC layer triggers the
BSR on each of the component carriers CC1-CCn (Step 704),
and 1nstructs the physical layer to report the BSR triggered on
the each of the component carriers CC1-CCn according to the
first uplink grant assigned on the same component carrier
(Step 706). That 1s, the BSR 15 triggered and reported inde-
pendently. For example, when three component carriers CC1 -
CC3 are configured with the UE, where the component carrier
CC1 1s the anchor component carrier, the BSR triggered on
the component carrier CC1 1s only reported according to the
first UL grant assigned on the component carrier CC1, and the
BSR triggered on the component carrier CC2 1s only reported
according to the first UL grant assigned on the component
carrier CC2, and so on.

In addition to the process 70, two different solutions to
handle pending BSR triggers are further provided. One 1s that
once the BSR 1s reported, no matter which component carrier
the BSR 1s reported on, the UE MAC layer cancels all pending
BSR triggers on all of the used component carriers, which
may be the anchor component carrier or all of the component
carriers CC1-CCn. The other 1s that once the BSR 1s reported,
the UE cancels a pending BSR trigger on one of the used
component carriers only when the BSR 1s also reported on the
same component carrier. For example, a pending BSR trigger
on the component carrier CC1 1s cancelled only when the
BSR 1s reported on the component carrier CC1, and 1s not
cancelled when the BSR 1s reported by the component carrier
CC2.

Please refer to FIG. 8A to FIG. 8D, which are timing
diagrams 1llustrating how the BSR 1s triggered, reported, and
cancelled under three component carriers CC1-CC3 accord-
ing to aforementioned four different solutions of the process
70 and solutions to pending BSRs, where the anchor compo-
nent carrier 1s the component carrier CC1. FIG. 8A illustrates
the first solution that the BSR 1s triggered and reported only
on the anchor component carrier CC1. FIG. 8B illustrates the
second solution that the BSR 1s triggered on each component
carrier but reported only on the anchor component carrier
CC1; even though the first UL grant 1s assigned on the com-
ponent carrier CC2 at a time point t,, and the first UL-SCH
resource 1s on the component CC2 at a time point t,, the BSR
1s reported until at a time point t, when the first UL-SCH
resource 1s on the anchor component carrier CC1; pending
BSR triggers on the component carriers CC2 and CC3 are
cancelled once the BSR 1s reported at the time point t,.

FIG. 8C illustrates the third solution that the BSR 1s trig-
gered on each component carrier and 1s reported according to
the first UL grant on any one of the component carriers
CC1-CC3. In FIG. 8C, the BSR 1s reported according to the
first UL grant assigned on the component carrier CC2 at a
time point t,; once the BSR 1s reported at a time point t;,
pending BSR triggers on the component carriers CC1-CC3
are cancelled. FI1G. 8D illustrates the fourth solution that the
BSR 1s triggered on each component carrier, and 1s reported
and cancelled on the same component carrier. As can be seen
in FIG. 8D, when the BSR 1s reported on the component
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carrier CC1 at a time point t;, pending BSR triggers on the
component carriers CC2 and CC3 remain pending and are not
cancelled; also, when the BSR 1s reported on the component
carrier CC2 later at a time point t,, the pending BSR on the
component carrier CC3 still remains pending and 1s not can-
celled.

Please refer to FI1G. 9, which 1s a schematic diagram of an
exemplary communication device 90. The communication
device 90 1s a system implementation of the process 70 1n
FIG. 7 installed 1n the UE. The communication device 90
comprises a detecting unit 900, a triggering unit 902, a first
control unit 904, and a second control unit 906. The detecting
unit 900 1s utilized for performing Step 702 of detecting
whether a triggering event occurs. The triggering unit 902 1s
coupled to the detecting unit 900, and 1s utilized for perform-
ing Step 704, for triggering a BSR on the anchor component
carrier or on all of the component carriers. The first control
unit 904 1s coupled to the triggering umt 902, and 1s utilized
for performing Step 706 of instructing the physical layer to
report the BSR according to the first UL grant, which may be
on the anchor component carrier, any one of the component
carriers, or each of the component carriers. The second con-
trol unit 906 1s coupled to the triggering umt 902, and 1s
utilized for performing solutions for cancelling all pending
BSR triggers once the BSR 1s reported, or cancelling a pend-
ing BSR trigger on a component carrier the same as which
component carrier the BSR 1s reported on. Operation of the
communication device 90 1s detailed described 1n the process
70, and 1s not repeated herein.

Similar to BSR, a condition that each of the component
carriers CC1-CCn has 1ts own PHR configuration 1s also
considered. Please refer to FIG. 10, which 1s a flowchart of an
exemplary process 100. The process 100 1s utilized 1n the UE
MAC layer for handling PHR under carrier aggregation of the
component carriers CC1-CCn. The process 100 can be com-
piled into the program code 214 and includes the following
steps:

Step 1000: Start.

Step 1002: Detect whether a triggering event occurs on
cach of the component carriers CC1-CChn.

Step 1004: Trigger a PHR corresponding to one of the
component carriers CC1-CCn when the triggering event
occurs on the component carrier.

Step 1006: Instruct the physical layer to report at least one
triggered PHR according to at least one UL grant for new
transmission.

Step 1008: End.

A PHR indicates the power headroom level of a corre-
sponding component carrier. PHRs, denoted as P1-Pn, on the
component carriers CC1-CCn may be triggered at different
time since the transmit power of each component carrier 1s
estimated independently. Triggering events that cause PHR
are specified 1 the current MAC specification and are not
given herein. By using Step 1002 and Step 1004, the UE MAC
layer detects whether a triggering event occurs on each of the
component carriers i a current TTI, and triggers a PHR Pi
which indicates the power headroom level on one of the
component carriers CC1-CCn, called a component carrier
CC1, when detecting the triggering event occurs on the com-
ponent carrier CCi. After Step 1002 and Step 1004 are per-
formed, when there 1s at least one triggered PHR waiting to be
reported, the UE 1nstructs the physical layer to report the at
least one triggered PHR according to at least one UL grant for
new transmission by using Step 1006, which implies that the
triggered PHR(s) may be reported on one or more than one
component carrier. For this reason, Step 1006 may be imple-
mented by several alternatives as follows.
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The first alternative 1s that the UE MAC layer instructs the
physical layer to report the at least one triggered PHR (which
may not be as many as the component carriers CC1-CCn)
according the first UL grant assigned only on the anchor
component carrier. In other words, all of the triggered PHRSs
are reported on an UL-SCH resource allocated by the first UL
grant assigned on the anchor component carrier.

The second alternative 1s that the UE MAC layer 1nstructs
the physical layer to report the at least one triggered PHR
according the first UL grant assigned on any one of the com-
ponent carriers CC1-CCn, which 1s not limited to be the
anchor component carrier.

The third alternative 1s that the UE MAC layer instructs the
physical layer to report each of the PHRs P1-Pn correspond-
ing to the component CC1-CCn according to the first uplink
grant assigned on the same component carrier, 1.e., the PHRSs
are reported independently. For example, when the PHR P2
indicating the power headroom level of the component carrier
CC2 1s triggered, the PHR P2 1s reported only on an UL-SCH
resource allocated by the first UL grant assigned on the com-
ponent carrier CC2.

In addition to the process 100, two different solutions to
handle pending PHR triggers are further provided. One 1s
used after performing the first or the second alternative of
Step 1006, which 1s that once all of the at least one triggered
PHR 1s reported, the UE MAC layer cancels all pending PHR
triggers on used component carriers where the at least one
triggered PHR 1s already reported; PHR triggers for those
PHRSs not yet reported remain pending. The other 1s used after
the third alternative of Step 1006, which 1s that the UE MAC
layer cancels a pending PHR trigger on one of the component
carriers CC1-CCn once a PHR corresponding to the same
component carrier 1s reported, 1.e. the PHR triggers are can-
celled independently.

Please refer to FIG. 11A to FIG. 11C, which are timing,
diagrams 1illustrating how PHRSs are triggered, reported, and
cancelled under four component carriers CC1-CC4 according
to atorementioned three different alternatives of the process
100 and solutions to pending PHRs, where the anchor com-
ponent carrier 1s CC1. PHRs corresponding to the component
carriers CC1-CC4 are denoted as P1-P4. FIG. 11 A illustrates
the first solution. As shown 1n FIG. 11A, the PHRs P1-P4 are
triggered at different times, respectively. The first UL grant 1s
assigned on the component carrier CC2 at a time point t,, but
the PHRs P1-P3 are reported by an UL-SCH resource at a
time point t., which 1s allocated by the first UL grant assigned
on the anchor component carrier CC1 at a time point t,, and
the PHR P4 is not reported. Pending PHR triggers on the
component carriers CC1-CC3 are cancelled once the PHRs
P1-P3 are reported, while a PHR trigger on the component
carrier CC4 remains pending.

FI1G. 11B 1illustrates the second solution. In FIG. 11B, the
PHRs P1-P4 are triggered at different times, and the PHRs
P1-P4 are reported by an UL-SCH resource on the component
carrier CC2 where the first UL grant 1s assigned. Once the
PHRs P1-P4 are reported at a time point t,, all pending PHR
triggers on the component carriers CC1-CC4 are cancelled.
FIG. 11C 1illustrates the third solution 1n which the PHR
report and cancellation are independent. In FIG. 11C, the
PHRs P1-P3 are triggered at different times. For example, at
a time point t,, only the PHR P2 1s reported by the first
UL-SCH resource on the component carrier CC2, and PHR
triggers on the component carriers CC1 and CC3 remain
pending at the time point t,. No PHR trigger 1s on the com-
ponent carrier CC4.

As mentioned previously, the first two bits of a PHR MAC
control element are reserved bits. Under carrier aggregation,
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the two reserved bit can be used to indicate which component
carrier a reported PHR corresponds to, and thereby the eNB
can recognize the component carrier related to the reported
PHR when the eNB recerves a PHR MAC control element.

Please refer to FI1G. 12, which 1s a schematic diagram of an
exemplary communication device 120. The communication
device 120 1s a system implementation of the process 100 1n
FIG. 10 installed 1n the UE. The communication device 120
comprises a detecting unit 1200, a triggering unit 1202, a first
control unit 1204, and a second control unit 1206. The detect-
ing unit 1200 1s utilized for performing Step 1002. The trig-
gering unit 1202 1s coupled to the detecting unit 1200, and 1s
utilized for performing Step 1004. The first control unit 1204
1s coupled to the triggering unit 1202, and 1s utilized for
selectively performing the three alternatives ot Step 1006 for
reporting the triggered PHRs. The first control unit 1204 1s
also utilized for indicating which component carrier a
reported PHR corresponds to by using the reserved bits in the
PHR MAC control element. The second control unit 1206 1s
coupled to the triggering unit 1202, and 1s utilized for selec-
tively performing two solutions of handling pending PHR
triggers aiter the triggered PHRs are reported. Operation of
the communication device 120 1s detailed described 1n the
process 100, and 1s not repeated herein.

Please note that the abovementioned steps of the processes
40, 70, 100 including suggested steps can be realized by

means that could be hardware, firmware known as a combi-
nation of a hardware device and computer instructions and
data that reside as read-only software on the hardware device,
or an electronic system. Examples of hardware can include
analog, digital and mixed circuits known as microcircuit,
microchip, or silicon chip. Examples of the electronic system
can include system on chip (SOC), system 1n package (Sip),
computer on module (COM), and the communication device
20.

In summary, the exemplary methods and systems of han-
dling uplink information including SR, BSR, and PHR for the
UE supporting carrier aggregation are provided, so that the
UE reports SR, BSR, and PHR more efficiently. Benefit from
the methods and systems, the UE can receive UL resource as
soon as possible, and therefore UL transmission 1s improved.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the disclosure.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A method of handling uplink information under carrier
aggregation for a medium access control (MAC) layer of a
user equipment 1 a wireless communication system, the
method comprising:

detecting, by the user equipment, whether a triggering

event occurs on each of a plurality of component carri-
ers;

triggering, by the user equipment, a power headroom

report (PHR) corresponding to one of the plurality of
component carriers when the triggering event occurs on
the one of the plurality of component carriers; and
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transmitting, by the user equipment, at least one triggered
PHR according to at least one uplink grant for new
transmission.

2. The method of claim 1, wherein the step of transmitting,
the at least one triggered PHR according to at least one uplink
grant for new transmission 1s transmitting the at least one
triggered PHR according to an uplink grant assigned on an
anchor component of the plurality of component carriers, an
uplink grant assigned on any one of the plurality of compo-
nent carriers, or an uplink grant assigned on the same com-
ponent carrier.

3. The method of claim 1 further comprising;:

cancelling all pending PHR triggers on at least one com-

ponent carrier where the at least one triggered PHR 1s
reported once the at least one triggered PHR 1s reported.,
or cancelling a pending PHR trigger on one of the plu-
rality of component carriers once a PHR corresponding
to the same one of the plurality of component carriers 1s
reported.

4. The method of claim 1 further comprising:

indicating which component carrier that the reported PHR

corresponds to 1n a PHR MAC control element.

5. A communication device of a wireless communication
system for handling uplink information under carrier aggre-
gation, the communication device comprising:

a detecting unit for detecting whether a triggering event

occurs on each of a plurality of component carriers;

a triggering unit coupled to the detecting unit for triggering,

a power headroom report (PHR ) corresponding to one of
the plurality of component carriers when the triggering
event occurs on the one of the plurality of component
carriers; and

a first control unit coupled to the triggering unit for trans-

mitting at least one triggered PHR according to at least
one uplink grant for new transmission.

6. The communication device of claim 5, wherein the first
control unit transmits the at least one triggered PHR accord-
ing to an uplink grant assigned on an anchor component of the
plurality of component carriers.

7. The communication device of claim 5, wherein the first
control unmit transmaits the at least one triggered PHR accord-
ing to an uplink grant assigned on any one of the plurality of

component carriers.

8. The communication device of claim 5, wherein the first
control unit transmits each of the at least one triggered PHR
according to an uplink grant assigned on the same component
carrier.

9. The commumnication device of claim 5 further compris-
ing a second control unit coupled to the triggering umt for
cancelling all pending PHR triggers on at least one compo-
nent carrier where the at least one triggered PHR 1s reported
once the at least one triggered PHR 1s reported.

10. The communication device of claim 3 further compris-
ing a second control unit coupled to the triggering umt for
cancelling a pending PHR trigger on one of the plurality of
component carriers once a PHR corresponding to the same
one of the plurality of component carriers 1s reported.

11. The communication device of claim 5, wherein the first
control unit 1s further utilized for indicating which compo-
nent carrier the reported PHR corresponds to in a PHR MAC
control element.
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